PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 09-1 39543 

(43)Date of publication of application : 27.05.1997 



(51)Int.CI. 



H01S 3/18 



(21 Application number : 07-296474 
(22)Date of filing: 15.11.1995 



(71 Applicant : HITACHI LTD 
(72)Inventor : TANAKA TOSHIAKI 



(54) SEMICONDUCTOR LASER ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To operate a semiconductor laser having a 
light emitting active layer region composed of GalnN/AIGaN, at a low 
threshold value. 

SOLUTION: A GaN buffer layer 2 and an N-type GaN optical waveguide 
layer 3 are grown on a substrate 1, and an insulating mask 14 is formed. 
Again the N-type GaN optical waveguide layer 3, an N-type AIGaN 
optical waveguide layer 4, a strain compensation multiquantum well 
active layer 5, a P-type AIGaN optical waveduide layer 6, a P-type GaN 
optical waveguide layer 7 and a P-type GalnN contact layer 8 are 
selectively grown. The strain compensation multiquantum well active 
layer 5 is formed by joining a quantum barrier layer of undoped 
AIO.10GaO.90N to a quantum well layer of undoped GaO.20InO.80N. By 
constituting a light emitting active layer as the strain compensation 
structure by the quantum well layer of GalnN and a quantum barrier 
layer of AIGaN, an energy barrir of In composition of the quantum well 
layer and the AIGaN quantum barrier layer is increased. Thereby a laser 
element is obtained wherein electron and positive hole carriers are 
sufficiently confined in the quantum well layer, generation efficiency of 
optical gain is high, and operation at a low threshold value is possible up 
to a high temperature. 
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(57) [E»] 

C US 3 GalnN/Al GaNtm*** * S &3fciStt«S«£ 

I 3 »S 1 ±CGaN; S' -x 7 r 1 2 fc n MGaNft^i 

SGaN3S»ftJ13t. RV^TnSAlGaN3t«ft«4, Mil 
f«§M^#Fv3tt*5. P MAlGaNft*(i£JI6, pMG 
aNftW»JB7, pSGalnNny?? h/f8£SfKj£#t 
4. Sffit^fi*^#FvStt/l5J£, TV K-7'Ga 0 . 20 
I n 0 . 8 o NWS^F* t TVF -7A1 „ . 1 0 Ga 0 , 9 0 Ncofi^ 

[ $>H 1 IBft£ttfI«£GaI nNWJtF #FS fc AlGaNWfi 

Al GafUtFHtgJg £ i 6 x*/lxdf-|5tg£ - 



H6 




-3 



-2 
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imcmu m&m±izmffcmm?iz&^x. 

aUSPHHBO** ftftg$«k ^ti^ tSitftfeSWfg 
co/h^ &563teiStt*£3r LfeH«-S®£fifii£l&ift 
t5S . l««±t|gftl»^ H H B il(illl-V)K<?)?I a B H&t/-(L 

±.xm& s fut 3 7EisLh<oaaifmi* t «t o - t^r jfm 

feM^fig^#F«jt^m« LT v >4 i k iHfSk -fh 

[f*#S2 3 ±IBS*fia?#Fl«i5fi*SSttlS:«lS 
-f&S:»^#F«k£gfliMJf W2^&< k tRStflr 

*fs**HMrc* tv^4 c k Sr^afc-r ssmwi i tie 

£l£ft&ftMfflt&^lfckte^£«AU 1M£ 
Sft^ ^FffiitMStt* k 3^«ffl t 

JBfiKfcJBBiS. 3l?S3Ik3l3SM. tfMiffiHBfc9l5I 
^£5* A Lfe 2 SP§<Dfc! B H B Jmc X 9«WEUT**ifc* 
^SklTSIf 1 BM3OV^-W(ciEK<0^m!l*U 

[ff*iM5 ] ±ISS^II*^#Fvgttii&VM3tt«iSJl 
*aWW4 1 ii-vK^NHWJJPKia^ft^^aft* feti 

fc£ft¥aKfo&»fc$r9, AlGaInNtm£fflVvtffij£3*l 
T V > S CI k £#® k -T 4 it* « 1 B£ 4 fcf 2»<0¥«tt 

] ±fa^fiS^#F«tt«(i:GaInNESIM 
JI^FfliiiAiGaNgiSEagftflSSJBc^R^jgHcJ: 9 
JBjSLTfc.&ifcSrftSi:'*-* If S^f 5 (cies^¥«ft 

[ff*if7 3 ±iS^M^#FY£ttJl(;t GalnNE* 

pg^Al GaN5 1 5S^S^ PtIDI £ l£tt & .1 k <£ 9 , II* 
? #FJ1 k KtF- mm ££St» DjitT^LTfc 

i, i t £=f#akir sif^ii4 x«i 5 iztm^mwu- 

[ff*lI8 3 ±ieS^SJtF#F?SttJHi. GalnNffiffi 
Stf#F*fc . SEJi^FWJ: 0 t>lnffl)S*/hS < L 
feGal nNffiffiSJtFWaJi k AlGaN^ I3fi^4^ HE HJI £4- 
k 1 2iSWtSftfc»7 1 MiWi:KJ: OfitJ&U l£ 
Si^FJl k Rft?lttK**££(cK 0 ?S LXJBtit LX 

hizt mmt-t&msmxn 5 izim^mwv 



[fl^9 3 ±IB3eft-«H!t3i*Jit:l4AlGaN5l3gS*S 
[11*311 0 3 ±IS*^ B B B »i^ B B B ^^WurtziteS 

s*3r Lfe*Ba««T* & ; k m& t th m-$m 5 

[ffc&Sl 1 3 JJ£*»Sft»RttWurtzite«3t**L3t 
(0001) CffiS-* "T I, Hf7 r A T ( « -Al 2 0 3 ) WSOXfo h 

m Mi (oooi) ch -th mmm ( « -si 0 xh h z. t 

[If 2 3 ±IE^^ B B B »Wurtzite«3§SS±t|^ 

«o (11-20) AffitffrtJ) & rtMfiv ^(iSE k ^ h -frfa 
tclS^-«.^k^#®k-rslt*3l5^1 l^v^n 

[It^ill 3 3 ±IEpffl«ffik«tt-ri>pS3y^^ h 
lKiipMGaInNfe H 9 «£!££LT*!> ,1 k S«pak"t 
5 7!;^ 1 2 ^ <n\ ^-ftiMztm^m^ly— f 

im&l 4 3 ±IBplW«k^S4tl.paGaInN3y 
Nflftti. vStt^Lfedf -v V Timt lX'Jx&< k 
^xlO'Vcm^if t£ftT&D, 5X10 18 ~5Xl0 19 /cm 

«««BTffl»cR3eT# t v is i k twat-r* if* 

[ffifi^l 5 3 ±EvStt'fttfeIETL^^ l JT?lS*^4 
■t* pS^ttttKJiMg&fflv^T F -rt* >r k £!ff$!k 
■tl.lt*3a 5 J^S 1 4 W ^*>tiBtt<O^WflsU- "f 

[^Wl¥«liiBJ!3 
[00 0 13 

mmrmmzm Ltz^mwv-^m^zmth . 

[00023 

3g36 s T7°7-f H ■ 7 < i/>y?X ■ U?-m, 1994^,64 
g,1687-1689H(Appl. Phys. Lett., 64, 1687-1689(19 
9A).)l,Z}5^X^htlXt3 0 . GalnN/GaN/AlGaNfl^?: 

[00033 

[f^WLJ: 3 k-t-sHH] jjmrnm^ti 

&m;%i'&mcDffimz^XWALX^&. Lfrl^tf 
WOT* *fttt4*K** UTfc fef , fiv^A*?ST- 
»*i!^TV^v\ *fe. ffiRfi-CU-1ff6JgS-a:4fe 
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[0004] *mi<?>mi** mi&±%M&$&imx; 

[00 0 5] 

T" (fifl*>. *^05iiA«8E£ffi< LT) GalnN/AlGaN 

S. *f^J±«3K3lf^SHttatt«SrGaIn 
Neii^?#FBfcAlGaN3l3K£*meifc*»&*S 

[0006] ±a^B«*ajStS 0 , *»HHT 
[0007] *»BHTU, 4«fir< fc 1 3 oIiLh^7C*^ 

zztrmmz. sfet, f*£Sft?#F«3§i:K& 

LTf&fT 4 t &ftJI t US^PM * «A t 

$ tfT *3WafiO J: 0 <i V > iE?^ -v U T fc -f 4 £ t a*»T 

fgt44o 

[0008] ui-vmitikm^%hwe& i &.m*^ 
%3BBi*{±ifli±-ts . zcvzkii, wmmA 



^FJifcAlGaNSfl^^^rSJI^HEfiJiSjiK^S-frS 
fc. U#fcHiffiHK**, fMfcJiSISMtfSASftS. 
GaNjigJfcOflffiteijVVt, GaJ; 0 S^SO^ ^7C* 

(in) s*tfir4w>K*«js*-t6i:s. z.<nwmm 

«^[*]^SlI4*f6] (fl|H=>. JBcofflfiS) 3&>feffiBS*i 

KfiP*>GaInN^ B B B t{iMM^SD^S„ ft#tf)fflL BP*>G 
aJ;DJI7¥fI<0'h£^7G« (Al) £-£trI»±. fflfefc 
K*fT*S. i<0ifcli, aS«JR*GaN|Sfttf3Siit 

<7)&i> a $?FF* f&mmzMtvh ztx\ GaN&f^ft 

[0009]^ i 3U»(?5Jt«>tJtf#FJl*Ga 
InNttfiT. *^P*lliiSrAlGaN|gf B T"ffML,y > v:(?iJT^ 
L tz V , *^<VP«ft U — ?' ttft^ ffFW^OJi t 

V^) liflSlJiM^Fl^tT 

(unit cell) *ffljSt-4JS^^%K4T-lix(f. 4 
^FJlO^JtFBSl i 0 A # V > fc v ^ ItfS^ft S 

[0010] 4fc*»BBWSftU-if»^"Ctt s 
SSttSfc S ^SM^FflBtS 2 7cft^tl^*#:&fflV^ 

*S^*t*JV^2&fflflW-4 i t i 0 , ^IJifi'GalnN 
ffilSi^FHfcfcftSInffljatfc J: DA^ <«At4 

T* , *^ST#Fif corffr >->-+/t#F&*# < T£ 

<, tSBIfAyi«*7t7 hWA^^AlGaNl^WT' 
%h<DX\ JI^FJBtSt^-Sx^Kf-HtffiS-HMfiE 

«jtfcfcft4^-r U tiifte^lia* J: "5 ifiLtCS 
«t 0 A# < WA tTf Wtl I, i fc N 4 /cvStt 
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mmm^mz&^xmzmm ix^m^mzu^z 

t IfiV # & fiXMWCb & . 'J>"% < t i> 3 -oJiliiOTC* 
*>&$r4 37^ttf)&ft¥Wf*rct> ~?T , *f#FJfa 
iXSTPtlM^M-t 4 £ 1 1 <t 0 . ffi^SHW^SR 

1M1J»A LfcGalnN&ffcl fcfflV \ 4^ PfSJB 
tt43[3Sffi*#A UcAlGaNISH,! fc"t4 . ^vSttl 

# < t , *¥PSgJi<OAlfflj£fc: J: 9x*;i^-»££ J: 

#F«IJifc:t5 ViTtis ffiffiJ&fetfc&gSrGal nN4T#F 
JiK*f LT . ft^Tgcg&AlGaNg^ QUIT'S 3 JB£ 
0 jg"* - ; t K*40>T\ S«^B#T"OGaInNte B B B ji 

7 C0f£K££ Wt Al GaNfi^ mMM £ Jfc^t 4 H! . Gal nN 

IIIfliBFFCtJVvailn, Ga, Alc^|l|T«B# 
C0^**^< , AlGaNl<3fl£*B*fc&tt«GaInHlI+«> 

fcjjEH 3 *Ut Gal nNfi^f #FJf A*A1 GaN*7 KajfTSfc 
*lfc»«*1W4fcft, Inc0l»WK''£4. 
0, *f&E<9£ffl«£SJtF#Ffl^(c«J:oT, 

yxmm^z t -mmxh *> a . $ ^ tw^sw 

«JSLTfet9) . %*vSttl««c7)^^v^Tfe B H a tt 
[0011] £fii?#FW3e<0S§ttJifcfcV>Tli, df 

TJ43:<. 02^03 t^Uc, 4?KSl^=5r<t 
t 2SBt Uc*jt£f£tt4 £ t d; 0 . fi^#F«fc 
fcW^^yrfflSfc&Sti^fcfcitSfcU:. 
J: 4 k , 0 1 <Q%& J: 0 1, , S^coffiraffiSl^^SgT 

[0012] JJLht J: 0 , »J&tt*»J: < ^rn^Mco-i 

(fctttfUH^*- rv&#?t> *) , x *) mti y 
tw t&*># i < , %ffim0M&a&& tiz<< mum 
mmztifrfc. m§mw%mm?#FffimtLx , Ga 

InN/AlGaNffl^cO^— f IHi^ffiBMST^ 3&*0 



[0013] 

mmi 

*fMH^-H«SM&04t:i "3^1-4. a^(0001)C 
ffl^*t4-9-7r-fT(«-Al 2 03)»«l±t. 
SWBflRSat: i D?SJS450~550 o CtCt3V^TGaNys' 7 7 r 
Ji2£jfc!IU )S*fiSl000~1100 o C^i3ViT. nMGa 
N*»»l 3 . n MAI a Ga, - a N ( a =0. 25) 4 . 

T^H-TAl. G ai - a N(a=0.10)3t^ffilRt3 ! i6]li;T 

y k— t°ai a Gaj . a n(.a=o.io)B\wtmwamr 

VK-T^.fl In^ N(^=0.20)JI«^g^#Fil*^^ 
SSiMt^SM^FSKfel 5 . p SAlGaN^iSil 
6. pffiGaN3fti«/17. P MGaInN3>^^ M8 S:^ 
it4» £*>|R. Sffl}fi#.a*^#Fvg'ttl5t{4, 01 
t^tflfit^fflV^. Sffi«^S*T#Fffitt»5^ 

rtfctjv^Ts utry K-7°Ai a NitrvH- 

»M7lzit. 5xiW^2xW*/c#0tfflCW5ZL. p 
Mny^^ h«8K*tLT{4. SxlO^^xlO'Vcra 3 ^ 

mz^&Uz. mz. ythUVVyy^-kx^f- 
yfmxizi:*), 04£tk1-J;^ ISalflco-gPS:! 
3tPJ44m*fl.. ^Ott, tfiHH9frK»fC. ^ 
h 9 4 7^T[&I 1 CO (11-20) Affl t W **KII t» 

fig-rs. *fc 4 yy^57-f-t±"5s ptfmffiiot 

4t^t-*«ffi^#l>. 

[0014] *m,mz x h t . isttWffiettj^Tffi 

fc, «WJflf(i^& < fs^A'y Hsi-7-fe -/ h < 
ttL4AlGaN|g H B B l§M^SJl^V>T^4«T\ X 

#FiitCfc »t h * * U T . #tC«T ^ ^ u 7- £ t 

mutxn^t^u-T'm^ntc. ttz. wmmzm 

#F*fcM LT , ififia'C3f£*AlGaN* ; PP«8«T t> -s 
4 i t ^4<0T\ GaInNi|g B a B H^ff M£ 

Be?. rassfi^#F«^ B B B tti;ffl^Tn^Mcom 

mcn$mM:?#Fmmwittx^z>cDx\ m$B&m. 
mn^mz a \ ^s B H B e^ tm tfas-cs fc . 

^4 1 0-4 3 0 nm<0«H , Cl'-irfHet43R?S» 
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fc. 

[0 0 15] HJfitflj2 

m\zLxm^im-thtK M7tx 3 &wd&. y*h 

u y y 4 - fc x y j-yflz X 0 N J| 6 tcpj-s * Tl 

MVX ? fcfflffl LT , n£GaN*fift««J| 1 2 £8ffi£ 
«JiVX?£Gfc£Lfcf&. pMGaNH^^ 

5 olz, U .y y'Xb7^ rrflBtOPiffll* Jl 3 fc 
X. *WHKU H5^-r«^Bffffi^#l». 

[0016] s^nitMt J: * fc , mmmmizK ix 

Sggff^ii^iatt-g. c: J; 0 . £*»*-F££jefc 
S S*f^»5ftflBt Lfc U 'y y^h5^ rflfit 

wmxz , ntfeM i i o tfflamweu ie«J 1 

fcit^T HHB*8H4l/3~l/5fc ■* Lfc*™# 

fc. fHB»£J:L W*fiSfi«tfD4 l 0-4 3 0 nmO 
[0 0 1 7] 3I»J3 

l*2tmffifclX. Jl3*TR{tS. *t, 7*hU 
V/97^-kX -y * y ?"fc J; 0 gm&fflftSJg 7X 
? 1 4 *#JjWS . nSGaN^igfl 3 , nMA 

!GaN3t^l4, TV F-7°A1 „ Ga^ N( a =0.10)3151 
SjfciHtJfl t fc T y F -T Al a Ga, . « N ( a =0 . 10) 
3l3BS* : FI*ffiJl&tf7>' K-7Tfci- fl In, N(£=0.20) 

5, prnMc^mmme, P mammwB7, P SGa 

may?? hM8ZMm.m& , f£SH9 
SrffMLT. UV^57-f-tJ:"5, p ffiffJEffi 1 0 fc n 
giJWIl lW^-y^^*ffM-ri». Sfet, »W 

umw^^zm&wk$z>^uz$. 0TH6 

[0018] #H«iJfc J; § fc , vSttif «^r&]^LT 
SetSflW-S fc fc fc fc. 7X^? Mt^'hS < RJ^fc 

Hxhyjymmzftmx-ztz, n»n^' 

fcJfrVC l/2*» & l/3££ TffiJS £#fc . ?M 
£(4. #*fijfc£«04 10-43 0 nmCOleBlT'J)^ 
. HJmflr ¥£fc «t TSfeWSit - H £ SSfcSift-ri. 

b h a h ? a rmmimx* s fc . ^m^x-n , h^m 

1 ± 0 fc . JStH^to^fflff*** 1 ** < fcix 

^Sfc*#v^T\ ffiRffiiJff^tgT-ftofc. RHR 
Sttii, ^S«2fcJt^T. $<i>fcl/2*^l/3fc4T'ffiM 
t"&fc 0 f»»ft*tt. #^-feS^«j04 1 0-4 3 0 n 



m«7)SiHTS)-5fc. 
[0019] ^»J4 

frt>3£X'v>m?mnizLxfm?z>fi\ mmmzm. 

MFH¥FffltM 5 fcM LT»fl»fil*iJ«5r < fc fc 2S 
pgfclSttfcia 2 Xfiia 3 tfOffijt^^A Lfc . *<ofl&Ji. 

[0020] *»fi^ljfcj; £ fc , Htfi0| 1 *?2mf3 fc 
ISMR^^flfit^fflHL. «MSiStt«*iai*»6SI2X 
{iH3^jtfc^iT»ALfcfc^6. iOffiHfitt^ 

»s{i2/33b^i/2fc^Tig«r#fc 0 mc&m±. urn 

•fe*ft«{W4 1 0-43 0 nmc9KHT£>-3fc. 
[002 1 ] *Mi5iJ5 

T ( a -Al 2 0 3 ) SS^ft^ 0 fc . l Sr7\^»urtzi 

teffimx-fo *)mm^wfi(ooo\)m^t>i nmnstn. 

( a -Si C) i: t X . ^W±fc n SGaNA' -y 7 r 1 SrIS 
^c7)f^lSi?iJl/i)^3ST'W*^5i^|i]^L 
Tf3!L. ^ixm^*^ilfffl^#fc« *H»MfcJ:6 
fc. «^nS^«ttT'S.Sfci6. nfflllUffi^SS 

^rfgts>-5fc. iixfcio. f-^rm^com^mzn^ 
ttt»afcft±-c#fc. afcHHsfflTtt. iia^M^JiD 

[0022] 

imvrnm *m£*ht> mzm-vmmm* 

Gal nN«« fcfc V . GalnNEH^S^f #F« fc Al 

Ga.mmmM^mmmm^Mixm^tihmmm^ 
<tfter# h<r>x\ m^#Fmizm&*v urt+» 

P^taW. ^aAB#T-fc*^iHf^ft*J4;t5rC\ fij 
ff%4»c0eVM/— 9*»?saja£Lfc. 4fc. 
fcJ;i>Mfflii^fiST#F«jtfcfcV^{4. fiiBja^*s 
^^rGal nNS^F #F«fcM t X , ^X^^MGa.m 

^mmmx-m ommvm-ztizK&nx. m&m 
B#x^Gai im&memiffl. m^#Fmm^ B 

R-3;t * i "5:tgT'S) - j fc. s t t:j436»«m taw! fc 

^T^Wtfc LX& 0. 563KiSttJB1i«<0^*fctJV^ 
-C^H a H tt&a»fcW«t^fc, ^Ofig*, fflWItMf 

fc. *»«ffirrtt, vse««^r&ifcsu-c. wm^is 
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0. S^{cBMI«SE*2/3*»tl/2fc:*'Cffi»L>t. ** 
i^ffcfi&Jlii. 4 1 0-4 3 0 nmOKH-C&^Jt. 

[01 ] M*M^S*^F1«t8Stt«SW^e*« : 



1 -(OOODCffi-9-7 r A 7#ISift*K, 2-GaNA' 7 y r 
m. 3-nMGa»i£/l. 4-nSAlGaN^OT. 5 
■ • ■ T y b' -7GaI nN/Al GaNSffiflt^fi*^ #F«itvStt 
Jf s 6---pSAlGa»l#»ftJH. 7-pSGaH3t»»JB. 8 
-pSGalniay?? bJf, 9-fftSiJlVX? s 10- 
pffltt&« 11-nMti. 1 2-nfflGaN«85SfcJ& 
XL 13-pSGaNttK>&*«, 



[01] 
01 



[02] 
Bl 2 



AlGaNftgiiliff / \ AlCMOfciBiftJI 

j ;AlGaN3l3fiS\ 



GaN**iftS 



GaNftStEB 



AlGaNUI5SS 

, i :\ i i\ 

A A 'J 



[04] 



[03] 
EI3 



GalnNElSliE 



04 



Jl Jl 
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